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Filed Sept. 6, 1963, Ser. Ne. 30~,271 

2 Claims. (GI. 88-14] 
The invention described herein was made by an em- 

ployee of the United States Government and may be 
manufactured and used by or for the Government for 
governmental purposes without the payment of any royal- 
ties thereon or therefor. 

This invention relates to a self-calibrating displacement 
t*ansducer and more particularly to a self-calibrating 
nieans for measuring the magnitude and frequency of dis- 
placement cf a body. 

A prior method used to determine the diTp1acement of 
a body without influencing that displacement involved the 
m e  of an electric coil located near the surface of the 
body. Any displacement of the body caused the induct- 
ance of the coil to vary and thereby allow the detection 
of the displacement by the use of a snitable electric circuit 
coataining the coil. One of the disadmntages of this par- 
ticuior method is that each coil used must be calibrated 
prior ta use. Also in use these cqiis have a highly non- 
linear output; consequently, the use of a graphical method 
i s  required to determiae the magnitude of displacement 
of a body, 

It is therefore a primary object of this invention to pro- 
vide a displacement transducer which does not require 
calibration prior to its use. 

Another object of thir invention is to provide a dis- 
placement transducer which wi!! measure the magnitude 
and frequency of displacement of a body. 

A further object of this invention is to provide a dis- 
p!iicement trarisduccr which will measure the displace- 
ment of a body along a straight line. 

A sti!l further object of this invention is to provide a 
diylacement transducer which will measure the angular 
displaccment of a body. 

Io the rresent invention the displacement transducer 
consists Qf a light source which produces a narrow beam 
of light, a reflecting surface attached to the body whose 
displacement i s  to be measured, a transparent medium 
with nontransparent, parallel, uniformly spaced lines 
thercon, a variable density optical filter, a photoelectric 
detector and a recorder. The variable density optical filter 
is located relative to the transparent medium such that a 
beam of light that passes through the transparent medium 
will also pass through, the filter and such that the denGty 
of ihe filter varies in a direction transverse to the lines 
on thc transparent medium. The photoelectric detector 
intercepts the light beam that passes through the trans- 
pnrci?t medium and filter, and produces a voltage or cur- 
rent proportional to the intensity of this light beam. A re- 
corder is connected to thc photoelectric detector for pro- 
ducing a graph of the voltage or current produced by the 
detector. The narrow beam from the light source strikes 
the rzflecting surface so that it is reflected onto the trans- 
parent medium and so that the plane that contains both 
the beam from the light source and the reflected beam 
is transverse to the lines on the tramparent medium. 
When the body is displaced the reflected beam scans the 
transparent medium which caused the beam to be modu- 
lated by the lines on the transparent medium and the 
filter. This modul8ted beam is picked up by the photo- 
electric detector and recorded by the recorder. 

There are two disclosed embodiments of the present 
invention. The first embodiment measures the displace- 

s 

ment of a body along a straight line, and the second em- 
bodiment measures the angular displacement of a body. 

Qther objects and advantages of this invention will 
further become apparent hereinalter and in the drawings, 

FIG. 1 shows a first embodiment of this invention 
which measures the magnitude and frequency of displace- 
ment of a body along a straight line; 

FIG. 2 shows a p k n  view of the transparent medium 

FIG. 3 shows a plan view of the variable density opti- 
cal filter used in FIG. 1; 

FIG. 4 shows a graph of a sinusoidal motion of the 
body whose displacement i s  to be measured, assumed for 

15 the purpose of description of operation of the embodi- 
ment disclosed in FIG. 1; 

HG. 5 shows a graph of the intensity of a beam of 
light which has been reflected by the reflecting surface 
and modulated by both the fiker and the lines on the 

20 transparent medium in FIG. 1 when the body whose dis- 
placement i s  to be measured has a sinusoidal motion 
shown by FIG. 4; and 

FIG. 6 shows a sccond embodiment of this invention 
which measures the angular displacemeet of a body. 

In describing the preferred embodiments of the inven- 
tion illustrated in the drawings, specific terminology will 
be resorted to for sake of clarity. However, it is not in- 
tended to be limited to the specific terms so selected, and 
it is to be understood that each specific term includes all 

30 technical equivalents which operate in a similar manner 
to accomplish a similar purpose. 

Turning now to FIG. 1,  there is disclosed a first specific 
embodiment of the invention selccted for illustration. 
The number 11 designates the body whose displacement 

35 i s  to be measured. Body 11 moves in a straight line along 
a Y axis as indicated by arrows 12. The force that causes 
body 11 to be displaced is not disclosed since this inven- 
tion is concerned only with the measurement of displace- 
ment of body 11. Body 11 can be displaced by any force 

40 and its displacement along the Y axis can be measured. 
Attached to body 11 is a reflecting surface 13, such as a 
flat mirror, which will reflect any light beam that strikes it. 

Number 14 designates a transparent medium, a plan 
view of which i s  shown by FIG. 2. Located on the sur- 

*5 face of transparent medium 14 are nontransparent lines 
15. These lines 15 are parallel and uniformly spaced 
across transparent medium 14. The opacity, spzcing, and 
width of lines 15 are determired bjr the specific applica- 
tion of the transducer. One of the lines 15 is wider than 

6o the other lines to mark a reference point. A variable den- 
sity optical filter 16, a plan view of which is shown in 
FIG. 3, is placed directly under the transparent medium 
14. The direction in which the density of filter 16 varies 
is perpendicular to lines 19. A photoe!ectric detector 17 

65 intercepts any light beam penetrating both transparent 
medium 14 and filter 16, and generates a voltage or cur- 
rent proportima1 to the intensity of this light beam. Any 
suitable recorder 18 is connected to detector 17 to pro- 
duce a graph of the voltage or current generated by the 

A light source 19 produces a narrow beam of light 20 
which strikes reflective surface 13 to produce a rcRected 
light beam 21 that penelrap the transparent medium 14. 
The plane containing beams 20 and 21 is perpendicu!ar 

The operation of the embodiment disclosed in FIG. 1 
will now be described. For purposqs of description of 
operation assume body 11 to be nioving in the Y dircc- 
tian with a sinusoidal motion whose mean i s  Yo. A graph 
of this motion is shown by FIG. 4. This motion of body 
11 will cause reflected beam 21 to scan transparent medi- 

5 in which: 

10 with lines thereon used in FIG. 1; 

25 

6o detector. 

'' to lines 15 on transparent medium 14. 



iirn 14 with a sinmoidal m ion in an X direction indi- 
cntcd by arrows 22, about some mean Xo. This means 
Xn or reference point is markcd by the wide line 15. The 
motion in the X direction of beam 21 will cause a sinus- 
oidr:l variation in the intensity of the beam passing 
through bariable density optical filter 6 and a correspond- 
ing variRtioii in the output of photoelectric detector Z7. 
Wlien the light beam crosses one of the lines 15 on trans- 
parent medium 14  the iniensity of the light beam will de- 
crease causing a corresponding decrease in the output of 
photoelectric detector 17 as shown by FIG, 5. This output 
is recorded by recorder IS. The dips 23 are caused by 
lines 15. 'The number of dips between a maximum and a 
minimum of the sinusoidal output is equal to the number 
of lines 15 that light beam 22 crossed between the maxi- 
m u m  and minimnrn displacement of body 18. A knowl- 
edge of this number of dips and the geometry of the ar- 
rangement shown in FIG. 1 then allows the calculation 
of tl!e amplitude of the displacement of body 1%. The fre- 
quency of di.;placement of body 18 is the frequency of the 
sinusoida! output. 

It should be noted that the embodiment shown in FIG. 
1 will operate without modulating light beam 21 by the 
lines 15. In other words, transparent medium 14 could 
be omitted. However, the. device must then be calibrated 

will be nonlinear due to nonlinearities 
photoelectric detector 19. These non- 

ffcct the accurxy of the device when 
odtilated by tines 15, since light beam 

mber of lines 15 for any 
Therefore, the embodi- 

ment shown in FIG. 1 does not have to be calibrated prior 
to use. 

A second embodiment of this invention is shown in 
FIG. 6. This embodiment is the same as the embodi- 
ment shown in FIG. 1 except it is used to measure the 
angular disp!acement of body PI .  Body 1% pivots about 
sone axis 24 in a direction indicated by arrows 25. Other- 
wise, its operation is the same. 

The advantages of this displacement transducer are 
numerous. It has the advantage of not having to be 
calibrated prior to  its use, It can be adapted to measure 
the displacement of any size body to any accuracy de- 
sired. It was especially developed to measure panel dut- 
ter displacements; however, it is not limited to this ap- 
piicatiop. 

It is to be understood that the forms of the invention 
herewith shown and described are to be taken as pre- 
ferred embodiments. Various changes may be made in 
the scope, size, and arrangements of parts. For-example, 
equivalent elements may be substituted for those illus- 
trated and described herein, parts may be reversed, such 
i ts light source 19 and reflective surface 13, and certain 
features of the invention such as, the combination of 
lities 15 and filter 116 may be utilized indeFendentIy of the 
use of other features, all without departing from the 
spirit or scope of the invention as defined in the follow- 
ing claims. 

What is claimed as ne nd desired to be secured by 
Letters Patent of the United States is: 

E. A displaccment transducer for measuring the mag- 
nitude and frcquency of dispkement of a body coni- 

5 prising: a transparent medium with nontransparent, uni- 
formly spaced pamllel lines running across a surface of 
the transparent medium; a variable density filter posi- 
tioned in a plane substantially parallel to said transparent 
medium such that its density varies in a direction trans- 
verse to said lines and such that a beam of light that scans 
said transparent medium in a direction transverse to said 
lines will pass through the transparent medium and filter; 
means for simultaneously scanning said transparent me- 
dium and variable density filter with a narrow light beam 

1s in a direction transverse to said lines in accordance with 
the displacement of said body; photoelectric means for 
receiving said narrow iight beam and producing signal 
means; and means for producing a graph of the intensity 
of said signal means whereby the magnitude and fre- 

20 quency of displacement of said body can be determined 

2. A displacement transducer for measuring the mag- 
nitude and frequency of disp!acement of a body com- 
prising: a transparent medium with nontransparent, uni- 

25 formly spaced parallel lines running across a surface of 
the transparent medium; a variable density filter posi- 
tioned in a plane substantially parallel to said traiispar- 
ent medium such that its density varies in a direction 
transverse to said lines and such that a beam of light 

30 scans said transparent medium in a direction trarlsverse to 
said lines and passes through the transparent medium and 
filter; a reflective surface attachcd to said body; a light 
beam source located such that its beam of light strikes 
said reflective surface and is reflected onto the said trans- 

35 parent medium and such that the plane of the beam of 
light from the light source and the reflected beam is 
transverse to the Iines on the transparent medium, where- 
by when said body is displaced said reflected light beam 
simultaneously scans across said transparent medium and 

40 said variable density filter; Fhotoelectric means for re- 
ceiving said reflected light beam and producing signal 
means; and means for producing a graph of the intensity 
of said signal means indicative of the magnitude and 
frequency of displacement of the body. 

from said graph. LI 
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